Esterases of 85 strains of the four biochemically-defined subgenera of Salmonella, when analysed by the acrylamide-agarose zymogram technique using several synthetic substrates, gave four principal bands (El, E,, E3, E d and two minor ones. The El esterase band hydrolysed a-naphthyl acetate, whereas the E, band hydrolysed p-naphthyl acetate. These bands were resistant to di-isofluoropropyl phosphate (DFP) and their electrophoretic distribution among the strains occurred within a relatively small M p range, M p being the distance moved by the esterase band as a percentage of the distance moved by the dye front. The E3 band hydrolysed a-naphthyl acetate and a-naphthyl butyrate and, to a lesser degree, pnaphthyl esters, whereas the E4 band hydrolysed a-naphthyl acetate. These bands were sensitive to DFP and their electrophoretic distribution among the strains occurred in a wide M p range. All Salmonella strains were closely related in terms of their esterase profiles. However, the divergences in electrophoretic distribution of bands E3 and E4 were sufficient to recognize the subgenera of most of the Salmonella strains analysed.
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R E S U L T S

Esterase band diflerentiation by naphthyl esters
Reproducible esterase patterns were obtained with the four synthetic substrates. All bacterial strains analysed gave between three and six anodal esterase bands which varied in sharpness and colour intensity. Four principal esterase bands, designated as El, E,, E3 and E, in order of decreasing electrophoretic mobility, were defined (Fig. ~a ) .
Bands El and E4 hydrolysed a-naphthyl acetate. The El band remained active in the presence of I O -~ M-DFP whereas the E4 band was inhibited by I O -~ M-DFP. The E, band hydrolysed P-naphthyl acetate but was not affected by I O -~ M-DFP. The E3 band hydrolysed both aand /3-naphthyl esters but produced a darker stain with the a-forms; it was inhibited by 10-6 M-DFP. These four esterase bands were inactivated by 10 min treatment at 60 "C. The E, band and, in some cases, the E3 band were more pronounced in bacteria harvested during the stationary phase. In addition, two minor bands reacting with P-naphthyl acetate occupied the extreme positions of the zymogram: the faster band (F), MF N" 95, was very faint and was inactivated by treatment at 60 "C, the slower one (S), M ' z I I, was diffuse and remained active at this temperature.
All MF values were approximate because of variations between different runs. However, electrophoretic relationships could be established between the strains by numerous replicate assays comparing esterase bands in adjacent positions on the same gel. Horizontal slab acrylamide-agarose gel electrophoresis was performed using 7 % (w/v) acrylamide and discontinuous Tris/glycine buffer, pH 8.7 (Uriel, 1966 
Salmonella subgenus I (S. kaugmannii)
The E3 band of strains of subgenus I was clearly visible in most of the strains but very faint in strain 39 and undetectable in S. gallinarum-pullorurn strains (Fig. I b, c) . Its mobility ranged from Mp rn 62 to MF rn 52. The E4 band was very close to the S band when 7 % acrylamide was used but became distinct at 5 % acrylamide. In some strains, it was not detected.
Salmonella subgenus II (S. salamae) The esterase bands from strains of this subgenus had essentially the same hydrolysing activity, and DFP and heat sensitivity as those of subgenus I (Fig. 2a) . The Ez and E3 bands exhibited electrophoretic heterogeneity (Fig. 2 b) . The E3 band was seen in all strains though it was very faint in strain 46. The E, band migrated faster than the corresponding band of subgenus I. The differences in esterase band mobilities enabled each of the 14 strains analysed to be distinguished.
Salmonella subgenus III (S. arizonae)
The strains of this subgenus also gave six bands but the E, band was located between bands E2 and E3 (Fig. 3a) . The E3 band was generally less stained and migrated slower than the corresponding bands of subgenera I and I1 (see Figs I a, 2a) . In some strains, the E3 band or the E, band was not detected.
Salmonella subgenus IV (S. houtenae)
Bands El, Ez and E3 of subgenus IV (Fig. 4a) had similar characteristics to those of subgenus 111. The E, band was not detected. The E3 band mobility varied from MF rn 40 to (14) 55'14f 3.51 (35) 48-50 f 4-41 (14) -Mfl FZ 25 (Fig. 4b) . It was very faint in strain 81 and not detected in strain 78. Bands E2 and S showed electrophoretic uniformity with respect to one another. The Ez band mobility was identical to that of numerous strains of subgenera I, I1 and 111. Figure 5 illustrates this electrophoretic relatedness between the four subgenera. Strain 82 exhibited a set of unusual bands hydrolysing acetate esters but not butyrate esters. Strains 74,76,78,79 and 85 showed no special esterase relationships with strains 39 and 41 of subgenus I though all have the same flagellar antigens: z, , zZ3 (see Table I ).
D I S C U S S I O N
Six esterase bands differing in their activity towards naphthyl esters, sensitivity to DFP and electrophoretic mobility were found in extracts of Salmonella. The MF values of the El, E2, E3 and E, bands in the four subgenera are compared in Table 2 . Bands El and E2 showed little variation in mobility. In contrast bands E3 and E4 showed considerable electrophoretic variability. The mobility of E3 decreased from subgenus I to subgenera I11 and IV whereas the mobility of E, increased from subgenus I to subgenus 111. The two minor bands F and S observed in the four subgenera are electrophoretically distinct from the corresponding bands of E. coli (Goullet, 1973) .
With respect to the characteristics of the various esterase bands, all Salmonella strains appeared to be closely related, which is consistent with the 70 to 87 % of DNA reassociation between strains belonging to different subgenera (Crosa et al., 1973; Stoleru, Le Minor & Lhbritier, I 976) . However, the divergences in the electrophoretic distribution of bands E3 and E, observed between the four biochemically-defined clusters, although far less striking than those observed between the Proteus species (Goullet, 1975) and between L. malonatica and L. amalonatica (Goullet & Richard, I977) , are sufficient to recognize the subgenera of most of the Salmonella strains analysed.
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